Group-reactive enzyme-linked immunosorbent assays (ELISAs) were developed to selectively detect antibodies to African horsesickness virus (AHSV) and equine encephalosis virus (EEV), 2 orbiviruses that infect equids. In indirect ELISA, guinea pig antisera to all known AHSV or EEV serotypes recognized immobilized AHSV serotype 3 or EEV Cascara, respectively. Antisera from naturally infected animals did not cross-react with their respective heterologous viruses. The ELISA was used in parallel with the complement fixation (CF) and agar gel immunodiffusion tests to detect antibodies in sera from animals in the field. The ELISA distinguished among those that contained antibodies to AHSV, EEV, or both viruses and was useful with sera that did not yield results in CF tests because of anticomplementary activity. Zebra and donkeys, both potential subclinical carrier animals in Africa, contained AHSV or EEV antibodies. Some sera reacted with 1 of the 2 orbiviruses, whereas others reacted with both. The ELISA can be used in projected epidemiological studies in which many serum samples must be assayed.
are recognized by a serogroup-specific test such as complement fixation (CF), agar gel immunodiffusion (AGID), 25 or indirect immunofluorescence (IFA), while serotypes are identified by virus neutralization assays. 13 Using defined antigens, these tests can also be applied to animal sera to identify virus-specific antibodies. Alternative diagnostic methods include groupreactive genomic probes for EEV 26 and AHSV 1 and enzyme-linked immunosorbent assays (ELISAs) for detecting the virus in animal tissue and cell culture fluid 5, 12 or in the vector. 11 Indirect 14, 27 and competitive 10 ELISAs for AHSV antibodies have been described.
Neutralization, CF, and AGID tests are currently in routine use at the World Reference Centre at Onderstepoort, South Africa, but these methods are not suitable for extensive epidemiological studies. This communication reports on indirect ELISAs for the selective detection of AHSV and EEV antibodies in field-collected sera. The 2 orbiviruses do not cross-react serologically. Horse, donkey, and zebra sera were tested for antibodies to both viruses, and the ELISA results were compared with those of the standard CF and AGID tests.
Materials and methods
Virus antigens. AHSV (serotype 3) and EEV (serotype Cascara) were obtained from the World Reference Centre for horsesickness at Onderstepoort and propagated in baby hamster kidney cell cultures. Viruses were purified by sucrose density gradient centrifugation. 16 Purified viral antigen was freeze-dried and stored at -20 C.
Antisera. Guinea pig antisera to AHSV and EEV serotypes were obtained from the World Reference Centre. Horse sera were selected from field-collected specimens collected over a period of approximately 12 mo. Wild zebra sera were from the Kruger National Park, and donkey sera were from AHSendemic areas in the Eastern Transvaal.
Complement fixation and agar gel immunodiffusion tests. CF tests 17 were performed using antigen prepared by sucrose/ acetone extraction. 2 The AGID test was as described for bluetongue virus. 21 Indirect ELISA. The reference serum method 27 was performed using a microtiter plate a coated overnight at 4 C with purified virus at a concentration of 10 µg/ml in phosphatebuffered saline (PBS), pH 9.6. After washing, the plate was blocked for 1 hr at 37 C with a blocking solution consisting of 7% Nestle "Lactogen" milk powder b 1% casein hydrolysate, and 1% Tween 20 in PBS. This same solution also served as the serum and conjugate diluent. Field-collected sera were incubated in duplicate at a dilution of 1: 100 at 37 C for 2 hr. Horseradish peroxidase-conjugated anti-horse IgG (heavy and light chain specific)' was used at a 1:2,000 dilution at 37 C for 1 hr. The substrate was prepared by dissolving 40 mg 2,2'-azino-di-(3-ethyl-benzthiazoline-6-sulphonic acid) d (ABTS) in 100 ml of 100 mM phosphate citrate buffer (pH 4.0) with 10 µ1 of 30% H 2 O 2 per 10 ml being added immediately before use. Optical density (OD) values were read on a microplate reader at a wavelength of 405 nm 20 min after addition of substrate. A positive reference serum (RS) with a predetermined end titer of 1:28,000 and a negative control serum were included with each test, and titers for field samples were calculated as follows:
Titer = (OD test sample -OD negative control) x RS titer (OD positive RS -OD negative control)
A titer below 1: 1,000 was considered negative.
Results
Group reactivity of immobilized antigens in ELISA.
To establish that the ELISA was capable of detecting antibodies to all AHSV or EEV serotypes, guinea pig antisera to each of the different serotypes were tested for their ability to recognize the antigens chosen for use in ELISA. Antisera to the 9 AHSV types produced significant ELISA signals with the immobilized AHSV serotype 3 ( Fig. la) . Similarly, the different EEV antisera each recognized EEV Cascara. All yielded absorbance values greater than 1.500 ( Fig. lb) , with the exception of the Langeberg serotype antiserum, which had a neutralization titer of 1:80 compared with the 1:640 of the homologous EEV Cascar antiserum. This serotype nevertheless produced an ELISA absorbance of 0.280, which was 4 times that of a nonimmune serum.
Selective detection of AHSV and EEV antibodies.
Field-collected specimens of horse sera were individually tested for antibodies to both EEV and AHSV by the current group-reactive tests, AGID and CF. From these samples, 4 sera were selected that contained antibodies to 1) neither virus; 2) AHSV alone; 3) EEV alone, and 4) both EEV and AHSV, respectively ( Table  1 ). The sera were each assayed at different dilutions in ELISA using both AHSV and EEV as antigens. Figure  2 shows that serum no. 1, which had no detectable antibodies to either of the viruses, produced ELISA readings with both viruses that did not exceed 0.10. The sera with antibodies to either of the 2 orbiviruses (sera 2,3) recognized only their respective homologous antigens, whereas serum no. 4, which contained antibodies to both AHSV and EEV, recognized both viruses. The heterologous assays all yielded ELISA signals that were effectively indistinguishable from that of serum no. 1.
Application of indirect ELISA to field sera. The indirect ELISA was evaluated for its potential as a routine assay in epidemiological studies. Results of tests with sera of zebras, horses, and donkeys were com- Table 1 . Results for horse sera tested for antibodies to AHSV itive with the ELISA. Virus neutralization tests (not and EEV using AGID, CF, and indirect ELISA.
shown) with these 2 sera produced titers of 1:140 against AHSV serotype 3 and 1:80 against serotype 5, respectively, thereby confirming the ELISA results. Of the total of 76 CF tests done, 17 (22%) did not yield results because of anti-complementary activity, whereas ELI-SAs were readable in all these cases. Of the CF tests that were readable, 55 of 59 agreed with the ELISA when compared on a positive/negative basis. Two horse serum samples (no. 2, 11) were CF negative and ELISA positive for AHSV antibodies, whereas 2 zebra samples (no. 10, I 1) were ELISA negative for EEV antibodies but showed CF titers of 1:4, a value considered indicative of a negative result. 14 . pared with those of the CF and AGID tests ( Table 2 ). Of 13 zebra sera, the ELISA showed that 9 contained Discussion antibodies to AHSV, and 2 of these had antibodies to
The primary aim of this study was to verify that the both AHSV and EEV. None had antibodies to EEV indirect ELISA could identify and distinguish between alone. Two sera (zebras 10,11) tested negative in ELISA field-collected equine sera that contained antibodies to but had CF titers of 1:4.
either EEV or AHSV. These viruses do not cross-react Antibodies to AHSV were detected in 10 of the 12 in AGID and CF, the classic group-specific serological field-collected horse sera. One of these contained anassays. 8 Nevertheless, because both AHSV and EEV tibodies to EEV in addition to those specific for AHSV. are orbiviruses, there could have been antigenic As with the zebra sera, none had antibodies to EEV similarities 4 that were not detectable in the traditional alone. However, 10 of 13 donkey sera had antibodies tests. For instance, VP7, the major core protein of to both AHSV and EEV. The remaining 3 sera recanother orbivirus, bluetongue virus (BTV), cross-reognized EEV exclusively.
acts with antibodies to AHSV. 19 Although the indirect When positive and negative AGID and ELISA test ELISA utilizing a single purified AHSV or EEV seroresults were compared, there was full agreement in 60 type detected antibodies to all the different serotypes, of a total of 63 tests. One horse serum (no. 10) tested it did not reveal any intergroup cross-reactivity with negative for EEV antibodies with AGID and positive equine sera (Fig. 2) . with ELISA. The remaining 2 samples (horse no. 2 and A previous investigation using partially purified zebra no. 4) showed very faint precipitin lines and were AHSV had shown that horse sera tended to give relconsidered inconclusive for AHSV antibodies with atively high background readings with the indirect AGID, whereas both samples nevertheless tested pos-ELISA. 27 A novel blocking agent was therefore used to Table 2 . Results of AGID, CF, and ELISA tests obtained with sera from different species of equids tested for AHSV and EEV. reduce backgrounds to a tolerable level. In the present study with highly purified antigen, unless this blocking agent was used, some normal horse sera still produced unacceptably high backgrounds (not shown).
AHSV and EEV were sufficiently distant serologitally in the indirect ELISA to unequivocally distinguish between their respective antibodies in equine sera. The ELISAs were therefore further evaluated by comparison with CF and AGID tests in a limited field study comprising a total of 38 horse, donkey, and zebra sera. The enzyme-antibody conjugate specific for horse IgG cross-reacted with zebra and donkey immunoglobulins, allowing detection of the antibodies of these species. The ELISA was more reliable than the CF tests because 22% of the sera tested were anti-complementary. There was, however, no direct relationship between the relative magnitudes of ELISA and CF titers, probably because CF detected both IgM and IgG whereas the ELISA was specific for IgG. However, there was good agreement between CF and ELISA when their positive and negative results were compared.
Two zebra sera (no. 10, 11) with a CF titer of 1:4 showed no band in AGID and had ELISA titers of zero. If titers > 1: 10 in CF are considered positive, 14 it is unlikely that these sera contained EEV antibodies. There was also good agreement between ELISA and AGID; 60 of 63 tests showed comparable results. The 2 samples (zebra no. 4 and horse no. 2) that produced no clear precipitin bands with AGID both contained AHSV antibodies by ELISA and virus neutralization. The horse serum tested negative with CF but yielded a titer of 1:4,700 with ELISA, showing that in some cases ELISA may detect antibodies when the classical tests are inconclusive.
Nine of 13 wild zebra sera recognized AHSV, and antibodies to both AHSV and EEV were present in some of the horse and zebra sera. A large proportion (10/13) of the donkey sera also contained antibodies to both viruses. Because these animals, in particular zebras, 9 are all potentially important hosts of AHSV in southern Africa, further studies are needed on the distribution of equids that have been exposed to AHSV and EEV. The ability to distinguish between antibodies to these 2 orbivirus serogroups and its relative sensitivity and rapidity make the indirect ELISA a useful tool for such epidemiological studies.
